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@ Electrostatic relay. 

® An electrostatic relay essentially comprises a fixed electrode (11) with a fixed contact (12) insulated 
therefrom, a movable electrode plate (22) with a movable contact (26) insulated therefrom, and a fixed pair of 
oppositely charged electrets (13,33). The movable electrode plate is pivotally supported to a pivot in a cantilever 
fashion or a seesaw fashion, and also to move around the pivot axis relative to the fixed electrode between two 
rest positions of closing and opening the contacts. A control voltage source Is connected across the fixed 
electrode and the movable electrode plate to generate a potential difference therebetween. The electrets are 
disposed adjacent the movable electrode plate to generate electrostatic forces of attracting and repelling the 
movable electrode plate, respectively when the movable electrode plate is charged to a given polarity. The 
attracting and repelling forces cooperate to produce a torque moving the movable electrode plates from one of 
the rest positions to the other. 
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BACKGROUND OF THE INVENTION 

1. Reld of the Invention 

5 The present invention relates to an electrostatic relay using a plurality of electrets which generate a 
strong electrostatic force for precisely and rapidly operating the relay. 

2. Description of the Prior Art 

10 Prior electrostatic relay using an electret does not have an enough electrostatic force to move a 
movable element of the relay. For example, an electrostatic relay as described in U.S. Patent 
No.4,078,18163 comprises two control electrodes between which is positioned a movable electret. The 
lower part of the movable electret is clamped such as a cantilever by insulating shims, so that the movable 
electret can be removed between a position close to the electrode and a position close to the other 

15 electrode. Each of movable conductors is placed at the upper end of respective surface of the movable 
electrode. Two fixed conductors are arranged on the electrodes, respectively. The movable conductor can 
be contacted with the fixed conductors on the electrode by an electrostatic force which is generated by an 
Impressed voltage between the electrode and the movable electret. While, the other movable conductor can 
be contacted with the fixed conductors on the other electrode by an electrostatic force which is generated 

20 by an impressed voltage between the other electrode and the movable electret. However, it is so difficult for 
the prior electrostatic relay to perform a monostable operation and also to obtain the enough electrostatic 
force in order to move the movable electret. Therefore, the relay does not have the enough electrostatic 
force far rapidly and precisely operating the relay. 

25 SUMMARY OF THE INVENTION 

The above problems and insufficiencies have been improved in the present invention which provides an 
improved electrostatic relay. The improved electrostatic relay of the present invention presents an unique 
operation mechanism and a precise and rapid operation of the relay. The electrostatic relay comprises a 

30 fixed electrode with a fixed contact insulated therefrom, a movable electrode plate with a movable contact 
insulated therefrom, a fixed pair of oppositely charged first and second electrets. and also a control voltage 
source connected across the fixed electrode and the movable electrode plate to generate a potential 
difference therebetween. The movable plate is pivotally supported to pivot about a pivot axis to move 
relative to the fixed electrode between two rest positions of closing and opening the contacts. The first and 

35 second electrets are disposed adjacent the movable electrode plate to generate electrostatic forces of 
attracting and repelling the movable electrode plate, respectively when the movable electrode plate is 
charged to a given polarity. The attracting and repelling forces are cooperative to produce a torque for 
moving the movable electrode plate in one direction from one of the rest positions to the other. Therefore, 
the electrostatic relay has a high resistivity with respect to the impressed voltages to the movable electrode 

40 from the control voltage source, so that the relay operates precisely and rapidly. 

Accordingly, it is a primary object of the present invention to provide an electrostatic relay which is 
capable of precisely and rapidly operating the relay. 

In a preferred embodiment of the present invention, the movable electrode plate is pivotally supported 
at its one end in a cantilever fashion to move about the pivot axis at the one end and is provided with the 

45 second contact at the other end. The first and second electrets are positioned on the opposite side of the 
movable electrode plate between its ends. The movable electrode is moved by the attracting and repelling 
forces. 

Therefore, it is a further object of the present invention to provide an improved electrostatic relay which 
is capable of sensitively responding with respect to impressed voltages from a control voltage source in 
50 such a manner as that a movable electrode is pivotally supported at its one end in a cantilever fashion and 
is moved by an attracting and repelling forces which result from electrets positioned on the opposite side of 
the movable electrode. 

In a preferred embodiments of the present invention, the movable electrode plate is pivotally supported 
at its intermediate portion between its ends in a seesaw fashion to move about the pivot axis intermediates 
55 the ends of the movable electrode plate. And besides, the first and second electrets are positioned on the 
fixed electrode in such a manner as to be interposed between the fixed electrode and the movable 
electrode plate on opposite sides of the pivot axis, so that the movable electrode plate is moved by the 
attracting and repelling forces which result from the electrets, which is therefore a still further object of the 
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'"Ta "S'd embodiment o, the pre^nt invention, the fixed electrode is supported on a fixed s.^n 
ni«fP with a first electrical insulation layer therebetween, and the movable electrode plate is a movable 
SSn pTate it a sISd electrical insulation layer on a surface opposed to the fixed electrode And 
SSes *e fTrSland second insulation layers carry thereon the first and second contacts, -^specbvely^ /J 
Sl atTfoTsupportlng the fixed electrode and the movable electrode plate are made of s.l.con and have 
LS^? tJe mTexpLon coefficient, the relay has stable operation within a sanation of a wortang 
temoera^^ Hom^Ld with a bimetal. On the other hand, the plates is readily and cheaply fabricated from 
a Tingle sllirwS;^^ an ordinary machining unit for a semi-conductor by applying a photolithography 

'""'Sole', it is a further obiect of the present invention to provide an improved electrostatic relaywtiich 
compJrsra movable silicon plate and a fixed electrode plate supported on a fixed silicon plate, so that the 
relav has stable operation within a variation of a woridng temperature. h =, fram« 

in a tT^erred embodiment of the present invention, ttie movable electrode plate extends from a frame 
and I pivS support^ Lreto by way of a coupling segment defining the pivot axis. The electrode Plate 
me fraS^^n^d ^^coupling segment are integrally fomied from a silicon wafer into a unitary sfrufu^e^The 
JameTs mlted on L fixeS silicon plate to have the movable electrode plate pivotable relatwe ^.e 
Sed siHcon plate about the pivot axis. Therefore, the electrode plate, tiie frame and the coupling segment 
Ea!eSe aTd unitary structure fabricated without processes of complex constrictions.^ that a 
performance of the relay is maintained for an extended time periods, which is a still further ob,ect of the 

'Tn^a'preSed embodiment of the present invention, the fixed silicon plate is '"tema'ly te^^^^^^^ 
leas one of an amplifying circuit to amplify the voltage from the control source ^°'_^^9e apply an 
aiJjlifii vdtaqe Tross^the fixed electrode and tiie movable electi-ode plate, and also, a discharging circuit 
r?i ctargtTsidu^^^^^^^ charge from the fixed and movabte electrodes. The amp^fying c^^urt is 
°seSo7reciSy operate the relay when the impressed voltage from the control source «>«^e 
Thrdifchiging Circuit is also useful for rapid and precise response of tiie relay when working numbers of 

aS^ST itt I ?ref oSect of the present invention to provide an electrostatic relay which has an 
ampSng cS t and a discharging circuit to operate the relay precisely without a wrong operation^ 

in a oreterred embodiment of the present invention, the first and second electirete are charged to such 
1 Js thHe movre electrode plates are held stable at bott, of the two rest positions .n the ab^nce^ 
r vJtege diWerence between the fixed electrode and the movabte electrode plate. Therefore, the 
Pipctrostatic relav has a function of a bistable operation. 

ISSore « is another object of the present Invention to provide an electrostatic relay which has 
oi»rtr<.K rharned to aooropriate charge levels for obtaining a bisteble operation of the relay. 
''TrprSe^ed erbodiment of the present invention, the first and second ^^fl^^^^^^ 
different absolute levels in the absence of the voltage difference between the foced «'f ctrod® !J« 
movSe eSSe plate so as to generate the attracting forces of different levels which act on ttie movable 
Se^^e SS^^n *e opposite directions. Therefore. The movabte electrode plate is attracted toward one 
0 tt t^o rei positions and held it stably in that one position. For the same purpose, it is also p^eited 
irfhrt^Jt anS second electrets are of substantially the same charge density buHormed '"to d.ffe^"ce 
Smir^to be Charged to different absolute levels. And besides, it is useful that the '•^^JJ^^'^J 
Sete Se of subslantiX *e same surface charge density but spaced from tiie movabte electi-ode plaje 
^y Sert dStJ^cTs in ttJ absence of ttie voltege difference between the fixed electrode and the m^^'e 
efeSmde plate so as to generate the attracting forces of different levels which act on the "movable etectrode 
SSs in t£e opposite directions. As described above. ti,e electrostatic relay has a function of a monostebte 

"'^^ieJ'etore it is a anottier object of the present invention to provide an electrostetic relay which has 
elecISrlhSgSd to ^ptpriate charge levels or spaced from a movable electrode plate by deference 
Sees. oTUmed iSto difference volumes witt, the same charge density for obtein.ng a monostabte 

Operation of the relay. 



55 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1A to 1C show three mechanical elements, respectively, which are an upper fixed plate, a movable 
plate and a lower fixed plate, of an electrostatic relay in a first embodiment of the present mvenfon. 
FIG. 2 shows a cross section of the electrostatic relay of the first embodiment; 
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FIG. 3 shows a surface of the movable plate opposed to the lower fixed plate of the first embodiment; 
FIG. 4 is a somewhat schematic graph illustrating a bistable operation of the relay of the first 

embodiment; 

FIG. 5 is a somewhat schematic graph iliustratlng a monostable operation of the relay of a second 
5 embodiment; 

FIG. 6A and 6B show two mechanical elements, respectively, which are a movable plate and a lower 
fixed plate, of an electrostatic relay in a third embodiment of the present invention; 
FIG. 7 shows a cross section of the electrostatic relay of the third embodiment; 
FIG. 8 shows a surface of the movable plate opposed to the fixed plate of the third embodiment; 
70 FIG. 9 shows a lower fixed plate having a driving circuit comprising at least one of an amplifying circuit 
and a discharging circuit of the third embodiment; 
FIG. 10 shows a schematic circuit diagram of the driving circuit; 

FIG. 11 is a somewhat schematic graph illustrating a bistable operation of the relay of the third 
embodiment; 

75 FIG. 12A and 12B show two mechanical elements, respectively, which are a movable plate and a lower 
fixed plate, of an electrostatic relay in a fourth embodiment of the present invention; 
FIG. 13 shows a cross section of the electrostatic relay of the fourth embodiment; 
FIG. 14 is a somewhat schematic graph illustrating a monostable operation of the relay of the fourth 
embodiment; 

20 FIG. 15A to 15C show three mechanical elements, respectively, which are an upper fixed plate, a 
movable plate, and a lower fixed plate, of an electrostatic relay in a fifth embodiment of the present 
invention; 

FIG. 16 shows a cross section of the electrostatic relay of the fifth embodiment; 

FIG. 17 shows an outline from the upper viewpoint of the movable plate bonded with the lower fixed 
25 plate of the fifth embodiment; 

FIG. 18 shows an outline from the upper viewpoint of the electrostatic relay having a driving circuit of the 
fifth embodiment; 

FIG. 19 is a somewhat schematic graph illustrating a bistable operation of the relay of the fifth 
embodiment. 

30 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of electrostatic relays of the present invention are explained below. However, the present 
invention is not limited by the embodiments. 

35 

First Embodiment <FIGS. 1 to 4> 

An electrostatic relay of the present invention essentially consists of three mechanical elements, that is, 
a lower fixed plate 10, a movable plate 20, an upper fixed plate so as shown in FIG. 1A, IB and 1C. The 

40 three mechanical elements were bonded by gold alloy layers 14, 24 and 34 as shown in FIG. 2. Each of the 
plates is made of a single crystal of silicon. The lower fixed plate 10 has a fixed electrode 11 and a pair of 
fixed contacts 12, which are insulated from the lower plate 10 by an electrical Insulation layer 15. An 
electrical insulation layer 27' is arranged on each surface of a flame 21 of the movable plate 20 in order to 
insulate the movable electrode 22 from the upper plate 30 and the lower plate 10. On the other hand, the 

45 upper fixed plate has a fixed electrode 31 which are insulated from the upper plate 30 by an electrical 
insulation layer 35. The movable plate is arranged between the upper and lower fixed plates and constituted 
by the flame 21, a movable electrode plate 22. a coupling segment 23 and a torsion bar 25. which are 
integrally formed from the silicon wafer into an unitary structure by an anisotropic etching of silicon. The 
torsion bar 25 with the movable electrode 22 are continuously connected with the flame 21 by the coupling 

50 segment 23 to form the unitary structure. The movable electrode plate 22 is pivotally supported at its one 
end in a cantilever fashion so as to move about the pivot axis at the one end and also has a movable 
contact 26 with an electrical insulation layer 27 at the other end and on a surface opposed to the lower fixed 
contacts 12 as shown in FIG. 2. Therefore, the electrostatic relay 1 of the present invention has one pair of 
the movable contact 26 and the fixed contacts 12. However, in an another case of the present invention, it is 

55 also preferred that an electrostatic relay has two pairs of a movable contact and a fixed contacts when the 
movable contact is arranged at each surface of a movable electrode plate opposed to lower and upper fixed 
contacts, respectively. By the way, an upper electret 33 with positive charges is positioned on the upper 
fixed electrode 31. On the other hand, a lower electret 13 with negative charges is also positioned on the 
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lower fixed etectrode 11. A control voltage source (not shown) is connected with a terminal pad 28 of the 
movable plate 20 as shown in FIG. 3 and also with a terminal pad 16 of the lower fixed electrode 11 by a 
bondinTin order to generate the potential difference between the movable electrode and the lower 
ri SercSe A corner 2I and a port 29- of the movable plate 20 were cut off 'ea^y J>eriorr.J.e.u.^ 
bonding. The other terminal pad 17 which is also insulated from the lower fixed plate 10 .s connected w* 
tt^ terminal pad 28 by bonding the movable plate 20 and the lower fixed plate 10. It ,s preferred that the 
upper or lower fixed plate 10 or 30 is internally fomied with a driving circuit compnsmg at least one of an 
amplifying circuit to amplrfy the voltage from the control source voltage to apply an amplrfied vo tage across 
the lower fixed electrode 11 and the movable electrode plate 22. and also, a discharging c» d^scha 9e 
residual electrical charge from the lower fixed electrode 11 and the movable electrode Therefore, tte 
amplifying circuit and the discharging circuit are useful for stably and precisely operating the relay, and also 
are readily fabricated by applying a doping process as well-known process of semi conductor. 

A biJLble operation of the electrostatic relay is explained below. The relay is formed such that the 
upper and lower electrets 13 and 33 are charged to same level but having the opposite charges and spaced 
from the movable electrode plate 22 by same distance. FIG. 4 shows an electrostatic Jj^^ JfJ^^f ^ '^^^^^ 
absence of the potential difference between the lower fixed electrode and the movable electrode, electrch 
static forces generated at when the impressed voltages are loaded to the relay having the funcbon o^ he 
bistable operation, and a spring bias of the movable electrode, which vary with respect to a Po^^^" 
movable electrode between the upper and lower electrode. The spring bias .s approximate y determined by 
a displacement of the movable electrode and its spring's modulus. The spring b«s also works to the 
opposite direction of the electrostatic force, but. in the FIG. 4. the spring bias was shown to the same 
direction with the electrostatic force as a matter of convenience. As also shown in FIG.2. when the movaWe 
electrode is spaced from and parallel with the upper and lower electrodes 31 and 11. respectively by^me 
distance, in the absence of the potential difference between them, the movable electrode is heW a center 
position between the electrodes. On the other hand, the electrostatte relay .s also formed s"ch that the 
electrostatic forces of the electrets 13 and 33. respectively, are larger than the spring b-as^ The movable 
electrode 22 receives the electrostatic force toward to the upper electrode when the movable electrode is 
positioned close to the upper electret 33. Secondly, when a positive voltage is loaded to the movable 
eSode 22. the movable electrode receives strong electrostatic forces toward to the lower electrode 11 
which has the electret 33 with negative charges. Because an attracting 'orce genejBtes bet^^een the 
movable electrode 22 and the lower electret 13, and also a repelling force generates between the movaWe 
^e^^ode 22 and the upper electret 33. Therefore, both of the attracting and repelling forces occur *e 
moSte eS^^ode 22 to move to the lower electret 13. so that the movable contact 26 connects with the 
fixed contacts 12. And then, even it the positive voltage is removed from the movable electrode 22 again 
the movable electrode 22 can not move any more positions unless a negative voltage is loaded to the 
movable electrode. Similarly, when the negative voltage is loaded to the movable elertrode 23, rn^^le 
electrode will receive the strong electrostatic forces toward to the upper electrode 11. Therefore, the 
electrostatic relay of the present invention perfomis the bistable operation. 

40 Second embodiment <F1G. 5> 

A second embodiment of ttie present invention is identical in structure to the first embodiment except 
tiiat the relay is formed such that the upper and lower electi-ets 13 and 33. respectively. charged to 
different absolute levels but having the opposite charge. Therefore, no duplicate explanation to common 
parts are deemed necessary. A monostable operation of the electrostatic relay is explained below. FIG. 5 
Shows an electrostatic force generated in Uie absence of the potential difference between the lower fixed 
electrode and the movable electrode, electrostatic forces generated at when the impressed vottages a^e 
loaded to the relay having the function of the monostable operation, and the spring bias of the movable 
electrode, which vary with respect to the position of the movable electrode between the lower .and tl« upper 
electrode. The upper electret has larger absolute charge levels than the lower electret. which is the different 
point from the fi^ embodiment. Therefore, ttie movable electrode receives tiie electrostatic force toward to 
L upper electret in the absence of the potential difference between them, so that fte movable elec^ode 
approaches to the upper electret. Secondly, when the positive voltage is loaded to the movable etec^de 
22 the movable electrode receives a strong electrostatic force toward to the lower electrode 11- Because 
55 boih of the attracting and repelling forces occur tiie movable electrode 22 to ""'ve toward to the lower 
electret 13. so that the movable contact 26 connect with the fixed contacts 12. By the way, as the 
electrostatic relay is formed such tiiat the electrostatic force of ttie lower electret 13 is smaller than the 
spring bias, and also the electrostatic force of the upper electret 33 is larger than tiie spnng bias in the 
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absence of the potential difference between them, when the positive voltage Is removed from the movable 
electrode again, the movable electrode 22 can stay away from the fixed contacts 12 immediately. Therefore, 
the electrostatic relay of the present invention performs the monostable operation. 

5 Third embodiment <FIGS. 6 to 1 1> 

An electrostatic relay 1a of the present invention essentially consists of two mechanical elements, that 
is, a fixed plate 10a and a movable plate 20a as shown in FIG. 6a and 6b. Each of the plates was made of a 
single crystal of silicon. The two mechanical elements were bonded by gold alloy layers 14a and 24a. The 

70 movable plate 20a is arranged on the fixed plate 10a and constituted by a flame 21a, a movable electrode 
plate 22a, a coupling segment 23a and a torsion bar 25a which are integrally formed from the silicon wafer 
into an unitary structure by an anisotropic etching of silicon. The torsion bar 25a with the movable electrode 
22a are continuously connected with the flame 21a by the coupling segment 23a to form the unitary 
structure. The movable electrode plate 22a is pivotalty supported at its intermediate portion between its 

75 ends in a seesaw fashion so as to move about the pivot axis intermediates the ends of the movable 
electrode plate 22a. Each of movable contacts 28a and 26a' is arranged on the movable electrode plate 
with an electrical insulation layer 27a and at the ends of the movable electrode 22a, respectively as shown 
FIG. 2. A fixed electrode 11a and two pairs of fixed contacts 12a and 12a' are formed on the fixed plate 
with an electrical insulation layer 15a. The pair of the fixed contacts 12a is also arranged so as to have 

20 close and open positions between the pair 12a and the movable contact 26a. Similarly, the other pair 12a' 
is arranged so as to have close and open positions between the other pair 12a' and the other movable 
contacts 26a". By the way. two electrets 16a and 17a are positioned on the fixed electrode 11a in such a 
manner as to be interposed between the fixed electrode and the movable electrode plate 22a on opposite 
sides of the pivot axis. The fixed electrets 16a and 17a have the opposite charges, respectively, in order to 

25 provide a torque for moving the relay. The control voltage source 30a is connected, by a wire bonding, with 
a terminal pad 28a of the movable plate 20a as shown in FIG.6a and also with a terminal pad 13a of the 
fixed electrode 10a in order to generate the potential difference between the movable electrode and the 
fixed electrode. For the same reasons of the first embodiment, it is also preferred the fixed plate 10a is 
internally formed with a driving circuit 5a comprising at least one of an amplifying circuit and a discharging 

30 circuit as shown in FIG 9. For example, as shown in FIG. 10. the driving circuit consists of a transistor 31a. 
a resistance 32a and a diode 33a. 

A bistable operation of the electrostatic relay of the third embodiment is explained below. The 
electrostatic relay is formed such that the electrostatic forces of the electrets respectively, is larger than the 
spring bias in the absence of the potential difference between the movable electrode 22a and the fixed 

35 electrode 11a, and also the fixed electrets are charged to same level but having the opposite charges, 
respectively. FIG. 11 shows an electrostatic force generated in the absence of the potential difference 
between them, electrostatic forces generated at when the impressed voltages are loaded to the relay having 
the function of the bistable operation, and a spring bias of the movable electrode 22a, which vary with 
respect to the positions of the movable electrode against the fixed plate 10a. The spring bias approximately 

40 determined by a displacement of the movable electrode and its spring's modulus. The spring bias works to 
the opposite direction of the electrostatic force, but, in the FIG. 1 1 , the spring bias was shown to the same 
direction with the electrostatic force as a matter of convenience. As shown in FIG. 7, the electret 17a is 
charged to negative. Therefore, the other electret 16a is charged to positive. When a distance between the 
movable contact 26a' and the fixed contacts 12a' is smaller than that between the other movable contact 

45 26a and the other fixed contacts 12a in the absence of the potential difference between them, the movable 
electrode 22a receives the electrostatic forces toward to the electret 16a. so that the movable contact 26a' 
connects with the fixed contact 12a". Subsequently, when the positive voltage is loaded to the movable 
electrode 22a. the movable electrode 22a receives strong electrostatic forces toward to the electret 17a. 
Because an attracting force generates between the movable electrode 22a and the electret 17a, and also, a 

50 repelling force generates between the movable electrode 22a and the electret 16a. Therefore, both of the 
attracting and repelling forces occur the movable electrode 22a to move toward to the electret 17a. And 
then, the positive voltage is removed From the movable electrode again. However the movable electrode 
22a can not move any more positions unless the negative voltage is loaded. Similarly, when the negative 
voltage is loaded to the movable electrode 22a. the movable electrode will receive the strong electrostatic 

55 forces toward to the electret 16a. Therefore, the electrostatic relay of the present Invention performs the 
bistable operation. 

Fourth embodiment <FIGS. 12 to 14) 
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A forth embodiment of the present invention is identical in structure to the third embodiment except *at 
one of the two electrets has larger surface area compared with the other electret as shown in P'G^2B. 
Therefore no duplicate explanation to common parts are deemed necessary. Uke parts are designated Dy 
like numerals with a suffix letter of "b" in place of "a". . . ^ ^ . »o in 

A monostable operation of the electrostatic relay of the embodiment is explained below. As shown in 
FIG 12B the electrostatic relay has a large electret 17b with the negative charges and a small electre 16D 
with a p<isitive charges. As the electrets has the same charge density, the large electret 17b has a lot of 
absolute charge levels compared with the small electret. The relay is also fomied such that the electrostatc 
force of the small electret 16b is smaller than the spring bias, and also the electrostatic force of the large 
electret 17b is greater than the spring bias in the absence of the potential difference between the movable 
electrode 22b and the fixed electrode lib. When a distance between the movable contact 26b and the 
fixed contacts 12b' is smaller than that between the other movable contact 26b and the other fixed conlacte 
12b in the absence of the potential difference between them, the movable electrode 22b receives the 
electrostatic force toward to the electret 16b. so that the movable contact 26b' connects with the fixed 
contacts 12b' FIG 14 shows an electrostatic force generated in the absence of the potenftal differerice 
between them, electrostatic forces generated at when the impressed voltages are loaded to the relay having 
the function of the monostable operation, and the spring bias of the movable electrode 22b, which vary with 
respect to the positions of the movable electrode against the fixed plate 10b. SubsequenUy. when the 
positive voltage is loaded to the movable electrode 22b as shown in FIG. 13. the movable electrode 
receives strong electrostatic forces toward to the electret 17b. Because an attracting force generates 
between the movable electrode 22b and the electret 17b. and also, a repelling force generates between the 
movable electrode 22b and the electret 16b. Therefore, both of the attracting and the repelling forces occur 
the movable electrode to move toward to the electret 17b. And then, the positive voltage is removed from 
the movable electrode again, so that the movable electrode 22b can stay allay from the A'^^d contacts 12b 
immediately and connect with the other contacts 12b'. Therefore, the electrostatic relay of the present 
invention perfomis the monostable operation. 

Fifth embodiment <FIGS. 15 to 19> 

An electrostatic relay Id of the present invention essentially consists of three mechanical elements, that 
Is a lower fixed plate lOd. a movable plate 20d and an upper fixed plate 30d. as shown in FIGS. 15A. 158 
and 15C . Each of the plates was made of a single crystal of silicon. The three mechanical elemente were 
bonded by gold alloy layers 14d and 24d. An electrical insulation layer 27d' is interposed between the gold 
layer 24<1 and the movable electrode 22d in order to insulate the upper electrode 31d from the movable 
plate 20d. A fixed electrode lid and two pairs of fixed contacte 12<l and 12d' are fomied on the lower fixed 
plate lOd with an electrical insulation layer 15d. The pair of fixed contacts 12d is also arranged so as to 
have close and open positions between the pair and the movable contact 26d. Similarly, the other pair of 
the fixed contacts 12d' is arranged so as to have close and open positions between the other pair and the 
other movable contact 26d'. On the other hand, a fixed electrode 31d without fixed contacts are formed on 
the upper fixed plate 30d with an electrical insulation layer 37d. The movable plate 20d is positioned 
between the upper and the lower fixed plate 30d and lOd. and also constituted by a flame 21d, a movaWe 
electrode plate 22d. a coupling segment 23d and a torsion bar 25d which are integrally formed from *e 
silicon wafer into the unitary structure by the anisotropic etching of silicon. The movable electrode plate 22d 
is oivotelly supported at its intermediate portion between its ends in a seesaw fashion so as to nr»ove about 
the pivot axis intemiediates the ends of the movable electrode plate 22d. Each of two movable contacts 
26d and 26d' is arranged on the movable electrode plate with an electrical insulation layer 27d and at the 
ends of the movable electrode 22d. respectively as shown FIG. 16. By the way. two lower electrete 16d and 
17d are positioned on the lower fixed electrode lid in the same manner as the third embodiment. The two 
lower electrets 16d and 17d have the opposite charges, respectively. On the other hand, the two upper 
electrete 36d and 37d are also positioned on the upper fixed electrode 31d in such a manner as to be 
interposed between the upper fixed electrode 31d and the movabte electrode 22d on opposite sides of the 
pivot axis. The two upper electrets 36d and 37d have the opposite charges, and also the opposite charges 
with respect to the lower electrete. respectively, that is, when the lower electret 17d has the negative 
charges, the upper electret 37d has the positive charges as shown in FIG. 16. A control voltege source is 
connected, by a wire bonding, with a terminal pad 28d of the movable plate 20d as shown in FIG. 17 and 
also with a terminal pad 13d of the fixed electrode lOd in order to generate the potential difference between 
the movable electrode and the lower fixed electrode. For the same reasons of the first embodiment, it is 
preferred the fixed plate 10a is internally toaned with a driving circuit 5d comprising at least one of an 
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amplifying circuit and a discharging circuit as shown In FIG. 20. 

A bistable operation of the electrostatic relay of the fifth embodinnent is explained below. The 
electrostatic relay is formed such that the electrostatic force of the electrets, respectively, is larger than the 
spring bias of the movable electrode in the absence of the potential difference between the movable 

5 electrode 22cl and the lower fixed electrode 11d. And also, all of the fixed electrets are charged to the same 
absolute charge levels and also spaced in parallel with the movable electrode 22d by same distance. FIG. 
19 shows an electrostatic force generated in the absence of the potential difference between them, 
electrostatic forces generated at when the impressed voltages are loaded to the relay having the function of 
the bistable operation, and the spring bias of the movable electrode, which vary with respect to a position of 

10 the movable electrode 22ci between the upper and lower electrode 11d and 31d. The spring bias also works 
to the opposite direction of the electrostatic force, but, in the FIG, 20, the spring bias was shown to the 
same direction with the electrostatic force as a matter of convenience. As shown in FIG. 16, the electrets 
17d and 36d has the negative charges. Therefore, the other electrets 16d and 37d has the positive charges. 
When a distance between the movable contact 26d and the fixed contacts 12d is smaller than that between 

75 the other movable contact 26d' and the other fixed contacts 12d' in the absence of the potential difference 
between them, the movable electrode 22d receives the electrostatic forces toward to the electret 17d, so 
that the movable contact 26d connects with the fixed contact 12d. Subsequently, when the negative voltage 
is loaded to the movable electrode 22d, the movable electrode 22d receives an extremely strong 
electrostatic forces toward to the electrets 16d and 37d, Because attracting forces generate between the 

20 movable electrode 22a and the lower electret 16d, and also between the movable electrode and the upper 
electrode 37d, on the other hand, repelling forces generates between the movable electrode 22d and the 
lower electret 17d, and also between the movable electrode and the upper electret 36d. Therefore, both of 
the attracting and the repelling forces occur the movable electrode 22d to move toward to the electrets 16d 
and 37d. And then, even if the negative voltage is removed from the movable electrode 22d again, the 

25 movable electrode 22a can not move any more positions unless the positive voltage is loaded. Similarly, 
when the positive voltage is loaded to the movable electrode 22d, the movable electrode will receive the 
extremely strong electrostatic forces toward to the electrets 17d and 36d. Therefore, the electrostatic relay 
of the present invention performs the bistable operation. 

30 Sixth embodiment 

A sixth embodiment of the present invention is identical in structure to the fifth embodiment except that 
the electrostatic relay Is formed such that the electrostatic forces of the electrets 17d and 36d, respectively 
is smaller than the spring bias of the movable electrode 22d. and also the electrostatic forces of the 

35 electrets 16d and 37d, respectively, is larger than the spring bias In the absence of the potential difference 
between the movable electrode 22d and the lower fixed electrode 11d. Therefore, no duplicate explanation 
to common parts are deemed necessary. A monostable operation of the electrostatic relay of the sixth 
embodiment is explained below. When a distance between the movable contact 26d and the fixed contacts 
12d is smaller than that between the other movable contact 26d' and the other fixed contacts 12d' in the 

40 absence of the potential difference between them, the movable electrode 22d receives the spring bias, so 
that the movable contact 26d stays away from the fixed contacts 12d and at the same time, the movable 
contact 26d' connects with the fixed contacts 12d'. Subsequently, when the positive voltage is loaded to the 
movable electrode 22d, the movable electrode receives strong electrostatic forces, so that the movable 
contact 26d' stays away from the fixed contacts 12d' and the other movable contact 26d connects with the 

45 other fixed contacts 12d. Because both of the attracting and the repelling forces occur the movable 
electrode 22d to move toward to the electrets 36d and 17d. And then, when the positive voltage is removed 
from the movable electrode again, the movable contact 26d will stay away from the fixed contacts 12d 
immediately and at the same time, the movable contact 26d* will connect with the fixed contacts 12d' again. 
Therefore, the electrostatic relay of the present invention performs the monostable operation. 

50 Although the above embodiments illustrate the terminal pad which is formed on the upper surface of the 
fixed silicon plate, it is equally possible to form the terminal pad on the lower surface of the silicon plate 
instead. In this case, the terminal pad is electrically connected to the fixed electrode on top of the silicon 
plate by way of a suitable conductor extending therethrough. On the other hand, although the above 
embodiments also show the fixed electrode formed on the fixed silicon plate with the electrical insulation 

55 layer, it is equally possible to form the fixed electrode on the silicon fixed plate itself instead. That is. when 
the fixed contact Is electrically insulated from the fixed electrode by the insulation layer, there is no problem 
for that the fixed electrode is the fixed silicon plate itself. 

The features disclosed In the foregoing description, in the claims and/or in the accompanying drawings 
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may. both, separately and in any combination tliereof. be material for realising the invention in diverse 
forms thereof. 



LIST OF REFERENCE NUMRERALS 



I eieotrostatilo relay 
10 lower fixed plate 

II lower fixed electrode 

12 lower fixed contact 

13 lower electret 

14 gold alloy layer 

15 eleotrioal ineulation 
layer 

16 terminal pad 

17 tezminal pad 

20 movable plate 

21 frame 

22 movable electrode 

23 coupling segment 

24 gold alloy layer 

25 toreion bar 

26 movable contact 

27 electrical insulation 
layer 

27 • electrical insulation 

layer 
2% terminal pad 

29 a comer of movable -^iir.*' 
plate 

29* a part of movable plate 

30 upper fixed plate 

31 upper fixed electrode 

33 upper electret 

34 gold alloy layer 

35 electrical Ineulation 
layer 

1« electrostatic relay 
5a driving circuit 
10a fixed plate 
lia fixed electrode 
12a fixed contact 
13a terminal pad 
14a gold alloy layer 
iSa electrical insulation 

layer 
l€a fixed electret 
X7a fixed electret 
20a movable plate 
21a frame 

22a movable electrode 
23a coupling segment 
24a gold alloy layer 
2Sa torsion bar 
2«a movable contact 
26a* movable contact 
27a electrical insulation 

layer 
2Sa terminal pad 
30a control voltage source 



31a transistor 
32a resistance 
33a diode 

lb electrostatic relay 

10b fixed plate 

lib fixed electrode 

12b fixed contact 

13b terminal pad 

14b gold alloy layer 

15b electrical insulation 

layer 
16b fixed electret 
17b fixed electret 
20b movable plate 
21b frame 

22b movable electrode 
23b coupling segment 
24b gold alloy layer 
25b torsion bar 
26b movable contact 
26b* movable contact 
27b electrical insulation 

layer 
28b terminal pad 
Id electrostatic relay 
5d control voltage source 
lOd lower fixed plate 
lid lower fixed electrode 
12d lower fixed contact 
13d terminal pad 
14d gold alloy layer 
15d electrical insulation 

layer 
I6d lower electret 
17d lower electret 
20d movable plate 
2 Id frame 

22d movable electrode 
23d coupling segment 
24d gold alloy layer 
25d torsion bar 
26d movable contact 
26d* movable contact 
27d electrical insulation 
layer 

27d" electrical insulation 

layer 
28d terminal pad 
30d upper fixed plate 
3 Id upper fixed electrode 
34d gold alloy layer 
35d electrical insulation 

layer 

36d upper fixed electret 
37d upper fixed electret 



Claims 



10 



EP 0 520 407 A1 



1. An electrostatic relay comprising: 

a fixed electrode with a fixed contact insulated therefrom; 

a movable electrode plate with a movable contact Insulated therefrom, said movable plate being 
5 pivotally supported to pivot about a pivot axis to move relative to said fixed electrode between two rest 
positions of closing and opening said contacts; 

a fixed pair of oppositely charged first and second electrets; 

a control voltage source connected across said fixed electrode and said movable electrode plate to 
generate a potential difference therebetween; 
10 said first and second electrets being disposed adjacent said movable electrode plate to generate 

electrostatic forces of attracting and repelling said movable electrode plate, respectively when said 
movable electrode plate is charged to a given polarity, in such a manner as that said attracting and 
repelling forces are cooperative to produce a torque for moving said movable electrode plates in one 
direction from one of said rest positions to the other. 

75 

2. An electrostatic relay as set forth in claim 1. wherein said movable electrode plate is pivotally 
supported at its one end in a cantilever fashion to move about said pivot axis at said one end and is 
provided with said second contact at the other end, and said first and second electrets are positioned 
on the opposite side of said movable electrode plate between its ends. 

20 

3b An electrostatic relay as set forth in claim 1, wherein said movable electrode plate is pivotally 
supported at its Intermediate portion between its ends in a seesaw fashion to move about said pivot 
axis intermediates the ends of said movable electrode plate, and said first and second electrets are 
positioned on said fixed electrode in such a manner as to be interposed between said fixed electrode 
25 and said movable electrode plate on opposite sides of said pivot axis. 

4. An electrostatic relay as set forth in claim 1, wherein said fixed electrode is supported on a fixed silicon 
plate with a first electrical insulation layer therebetween, and said movable electrode plate is a movable 
silicon plate with a second electrical insulation layer on a surface opposed to said fixed electrode, said 

30 first and second insulation layers carrying thereon said first and second contacts, respectively. 

5. An electrostatic relay as set forth in claim 4. wherein said silicon plate is fabricated from a single crystal 
of silicon. 

35 6. An electrostatic relay as set forth in claim 4. wherein said movable electrode plate extends from a 
frame and is pivotally supported thereto by means of a coupling segment defining said pivot axis, said 
electrode plate, said frame and said coupling segment being integrally fonmed from a silicon wafer into 
a unitary structure, said frame being mounted on said fixed silicon plate to have said movable electrode 
plate pivotable relative to said fixed silicon plate about said pivot axis. 

40 

7. An electrostatic relay as set forth in claim 5, wherein said coupling segment gives a spring bias to urge 
said movable electrode plate from one of said rest position to the other. 

8- An electrostatic relay as set forth in claim 4, wherein said fixed silicon plate is internally formed with at 
45 least one of an amplifying circuit to amplify the voltage from said control source voltage to apply an 
amplified voltage across said fixed electrode and said movable electrode plate and a discharging circuit 
to discharge residual electrical charge from said fixed and movable electrodes. 

9. An electrostatic relay as set forth in claim 1, wherein said first and second electrets are charged to 
50 such levels that said movable electrode plates are held stable at both of said two rest positions in the 

absence of the voltage difference between said fixed electrode and the movable electrode plate. 

10. An electrostatic relay as set forth in claim 1 . wherein said first and second electrets are charged to 
different absolute levels such that, in the absence of the voltage difference between said fixed electrode 

55 and the movable electrode plate, said first and second electrets generate the attracting forces of 
different levels which act on said movable electrode plates in the opposite directions, thereby attracting 
said movable electrode plate toward one of said two rest positions and holding it stably in that one 
position. 
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11. An electrostatic relay as set forth in claim 9. wherein said first and second electrets are of sutetarWally 
the same charge density but formed into difference volumes so that said first and second electrets are 
charged to different al>solute levels. 

5 12. An electrostatic relay as set forth in claim 1. wherein said first and second electrete are of sutetentially 
the same surface charge density but spaced from said movable electrode plates by drfferent distances 
such that, in the absence of the voltage difference between said fixed electrode and the movable 
electrode plate, said first and second electrets generate the attracting forces of different levels which 
act on said movable electrode plates in the opposHe directions, thereby attracting said movable 

70 electrode plate toward one of said two rest positions and holding it stably in that one position. 

ia An electrostatic relay as set forth in claim 4. wherein said fixed silicon plate is provided on it bottorn 
opposite of said movable electrode plate with a temiinal which is electrically connected through said 
fixed silicon plate to said fixed electrode and is provided for wiring connection to said control voltage 
J5 source. 

14 An electrostatic relay as set forth in claim 1. wherein said fixed electrode is a silicon plate with an 
electrical insulation layer thereon said electrical insulation layer carrying said fixed contact. 
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FIG. 4 
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FIG. 5 
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FIG. 6A 
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FIG. 10 
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FIG. 13 
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FIG. 19 
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